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HYBRID MOLECULES 
Backcrround of the Invention 
The field of the invention is cytokine hybrid 
utolecixles » 

5 The hematopoietin receptor super family (Idzerda et 

al., J. Exp^ Med. 171:861-873, 1990) is a family of 
cytokine receptors, the extracellular domains of which 
exhibit a significant degree of amino acid homology with 
each other. These receptors, which include the 

10 Inter leukin 2 (IL-2) p75 receptor, are located on the 

surfaces of hematopoietic cells, including both lymphoid 
cells and myeloid cells, and are capable of binding and 
mediating the cellular proliferative effects of such 
cytokines as IL-2, Inter lexikin 3 (IL-3) , Inter leukin 4 

15 (IL-4), Interleukin 6 (IL-6) , erythropoietin (EPO) , and 
prolactin. The cytokines which bind to members of the 
hematopoietin receptor superfamily cire herein 
collectively termed "hematopoietin receptor superfamily 
cytokines" . 

20 The ability of IL-2 to bind specifically to IL-2- 

receptor-bearing cells ^ such as allograft-activated human 
T-cells and certain leukemic lymphocytes, has inspired 
the construction of toxin-IL-2 hybrid molecules capable 
of targeting their toxic effect specifically on cells 

25 displaying these IL-2 receptors ("IL-2R") on their 

surfaces. Although some of these hybrid molecules have 
been created by chemical conjugation of IL-2 with a 
toxin (Greenfield et al.. Science, pp. 238, 536 (1987), 
more recently, recombinant DNA methodologies have been 

30 applied to the genetic assembly of hybrids such as 

diphtheria toxin/IL-2 hybrid (U.S. Patent No. 4,675,382) 
and Pseudomonas exotoxin A/ IL-2 hybrid (Lorberboum-Galski 
et al., Proc. Natl. Acad. Sci. USA 85:1922-1926, 1988), 
in which IL-2 replaces the endogenous cell-specific 

35 receptor binding domain of the toxin protein. Both 



native diphtheria toxin and native Pseudomonas toxin 3d.ll 
cells by binding to certain receptors on the surface of a 
susceptible cell, passing through the cell membrane, and, 
once inside the cell, shutting down protein synthesis by 
5 inactivating a crucial protein synthesis factor. The 
mechanism of cell killing by recombinant toxin-IL-2 
hybrids is the ssme, except that the toxin's own cell- 
binding domain is replaced with IL-2, so that the hybrid 
toxin binds to IL-2-receptor-bearing cells exclusively. 

10 The nature of these IL-2-specif ic receptors has 

been the object of several studies (e.g., Robb et al., 
J.Exp.Med. 154il455-1464, 1981; Tsudo et al., Proc. Natl. 
Acad. Sci. USA 83:9694-9698, 1986; and Teshigawara et 
al., J.Exp.Med. 165:223-234, 1987). Two separate IL-2- 

15 binding rece|)tor inolecules, a 55 kilodalton glycoprotein 
("p55" or "Tap") and a 75 kilodalton glycoprotein 
("p75") , telve been reported on human lymphocytes; each of 
these binds iEL-^2 alone or together in a heterodimeric 
receptor complex (Yagita et al.. Cancer Res. 49, in 

20 press, 1989) w Where the IL-2-binding molecule is p55 

alone, IL-2 binds with relatively low affinity (K^ = lo"" 
^M) ; p75 alone binds IL-2 with an intermediate affinity 
(K^ = 10"^M); and the heterodimeric form ("p75 + p55") 
binds with relatively high affinity to IL-2 (K^ = lo" 
"^"^M) . The N-terminal amino acid residues of IL-2, 
peirticiileurly :;Asp2Qf are essential for binding of IL-2 to 
the p7S receptor molecule (Collins et al., Proc. Natl. 
Acad. Sci. XJSA 85:7709-7713, 1988). 

It has been shown that picomolar quantities of a 

30 diphtheria toxin/ IL-2 recombinant hybrid are sufficient 
to inhibit p?:otein synthesis by 50% in cells bearing the 
heterodimeric p75+p55 ("high affinity") type of IL-2 
receptor, while cells which express only the p55 ("lowest 
affinity") or the p75 ("intermediate affinity") type of 

35 receptor are resistant to the protein-synthesis- 
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inhibiting effect of the same diphtheria toxin/ IL-2 
hybrid (Waters et al., Eur. J. Immunclcgy 20:785-791, 
1990) . 

In contrast, Pseudomonas exotoxin A/ IL-2 
5 recombinant hybrid has been shown to be internalized by 
the low and intermediate affinity receptor subunits as 
well as by the heterodimeric high affinity receptor 
(Lorberbaxim-Galski et al., J, Biol, Chem. 263:18650- 
18656, 1988). In these constructions, the Pseudomonas 
10 exotoxin is linked to IL-2 through IL-2»s carboxy- 
terminus . 

Recently, all of the hematopoietin receptor 
superfamily cytokines have been demonstrated to have 
multiple receptors composed of distinct subunits of 
15 different binding affinities (cf. Itoh et al.. Science 
247:324-327, 1990; and Sawyer, Clinical Biotechnology 

2:77-85, 1990). 

Summary of the Invention 
In general, the invention features a hybrid 

20 molecule containing a hematopoietin receptor superfamily 
cytokine (or a fragment or analog thereof capable of 
binding to the high-affinity receptor for such cytokine) 
covalently bonded, at its amino terminal end, to a 
chemical entity which causes the hybrid molecule to be 

25 processed via a lower affinity receptor for such cytokine 
to a degree less than the degree of processing of the 
cytokine by the lower affinity receptor, provided that 
the chemical entity cemnot be a fragment of diphtheria 
toxin which includes the translocation domain of that 

30 toxin, as such domain is described in John R. Murphy U.S. 
Patent No. 4,675,382, hereby incorporated by reference. 
A "lower affinity receptor" for a given cytokine is any 
receptor capable of processing that cytokine, other than 
the high-affinity receptor for that cytokine. 

35 "Processing" is a term which is used to mean the binding 
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of a cytokine by one of that cytokine • s receptors and 
internalization of the receptor-bound cytokine into an 
endocytic vesicle or into the cell. (For those hybrid 
molecules of the invention which are not internalized, 
5 the term "processing" means simply the binding of the 
cytokine by one of that cytokine's receptors,) Thus, a 
cytokine molecule is said to be "processed via a lower 
affinity receptor for such cytokine" when the cytokine 
molecule has boxmd to a low or intermediate-affinity 

10 receptor for that cytokine and has also been internalized 
by the cell (for example, in an endocytic vesicle) as a 
ligemd/ receptor complex. The degree of such processing 
of a hybrid molecule of the invention can be 
quemtitatively compared to the degree of processing of a 

15 naturaily-oociirring cytokine molecule by, for excimple, 
measuring the amount of each of such molecule which is 
internalizeci: by cells bearing one type of receptor. The 
ed>ility of ef hybrid molecule to distinguish between high 
eind lower a^iihity receptors is determined by comparing 

20 the amoiint of the molecule internalized by cells bearing 
only high-affinity receptors to the amount internalized 
by cells beetring only the lower affinity receptors: 
those hybrids which are capable of distinguishing between 
receptor types to a significant degree are useful for the 

25 purpdsiBS cited herein. 

^ A "fragment" of a cytokine molecule is a 
polypeptide having an amino acid sequence exactly 
corresponding to some portion of the naturally-occurring 
molecule that is less than all of that naturally- 

30 occurring molecule, and can be generated, for example, by 
proteolytic xjigestion of the naturally-occurring 
molecule, by chemical synthesis, or by recombinant DNA 
techniques^ ' An "cinalog" of a cytokine molecule is a 
polypeptide which differs from the naturally-occurring 

35 cytokine in that it has substitutions, additions, and/or 
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deletions of one or more amino acids at one or more 
Iccaticns: for exaiaple, an analog of a given cytokine 
would include those polypeptides which contain a 
contiguous segment at least half as long as the 
5 naturally ^occurring cytokine and which has at least 80% 
sequence homology with some portion of the naturally- 
occurring molecule. The amino acid substitutions may be 
either conservative or non-conservative, and may be 
designed^ for example, to remove proteolytically 

10 sensitive sites from the polypeptide. [By conservative 
is meant that the substituted amino acyl residue is 
chemically similar (e.g., acidic, basic, hydrophobic, 
aromatic) to the residue for which it is substituted: 
for example, substitution of a valine for a leucine.] 

15 Such analogs may be conveniently obtained by recombinant 
DNA techniques, or by any other method known to those in 
the field. Once generated, any such fragments or analogs 
can be tested for their ability to be processed via the 
high-affinity and the lower affinity receptors of the 

20 cytokine from which they are derived. Those which behave 
comparably to the naturally-occurring cytokine can be 
incorporated into the hybrid molecules of the invention. 
In preferred embodiments, 

the cytokine is selected from the group consisting 
25 of IL-2, IL-3, IL-4, IL-6, EPO, and prolactin; 

the chemical entity interferes with the binding by 
the cytokine portion of the hybrid molecule to the lower- 
affinity receptor; 

the chemical entity is an X-ray-opaque moiety, a 
30 fluorescent moiety, a radioactive moiety, a polypeptide 
(herein defined as two or more amino acids linkeid by 
peptide bonds) such as an antibody molecule, ricin, 
streptavidin, gelanin, or ferritin, or an enzymatically- 
active fragment or analog of such a polypeptide; 
35 the covalent bond is a peptide bond; and 



the hybrici ludleoule is capable of affecting the 
rate of proliferation of cells bearing high-affinity 
receptors • 

The hybrid molecule of the invention may be used 
5 in a method for selectively binding a moiety to a cell 
having a high-affinity receptor for the cytokine of 
interest, by; exposing the cells to hybrid molecule which 
contains the moiety covalently bonded to the amino 
terminus of cytokine (or a fragment or analog thereof 

10 capable of binding to the high-affinity receptor). In 
preferred embodiments, the moiety includes a label and 
the method is used for imaging high-affinity receptors or 
cells beciring high-affinity receptors; or the moiety is a 
molecule complexed with iron and the method is used for 

15 separating cells having a relatively high nximber of the 
high-affinity receptors from other cells having a lower 
number ot such high-affinity receptors; or the hybrid 
molecule is papable of decreasing the rate of 
proliferation of cells to which it binds, and the method 

20 is used for i^erapeutic treatment of a condition 

characterized by overproduction of cells having high- 
affinity reo^ptors* 

The hybrid molecule of the invention can also be 
used in a method for selectively isolating cells having 

25 high-affinity receptors for the cytokine of interest, out 
of a population of cells some of which lack such high- 
affinity receptors, which method involves (1) 
immobilizing the hybrid molecule, (2) causing the 
population of cells to contact the immobilized hybrid 

30 molecules xinder conditions permitting binding of high- 
affinity receptors to the immobilized hybrid molecules, 
and (3 >■ separating Unbound cells from bound cells. This 
method may be used to remove, from bodily fluids or 
tissues, cells having such high-affinity receptors; 

35 alternatively, the method includes the additional step of 
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eluting the bound cells from the immobilized hybrid 
molecules, and is used for isolating, from bodily fluids 
or tissues, cells bearing high-affinity receptors. 

The hybrid molecule in which the chemical entity 
5 is a polypeptide may be made, for example, by providing a 
recombinant DNA molecule containing a DNA sequence 
encoding that polypeptide fused to a DNA sequence 
encoding the cytokine of interest (or a high-affinity- 
receptor-binding fragment or analog thereof) , introducing 
10 the recombinant DNA molecule into an appropriate 

expression system, and expressing the recombinant DNA 
molecule. 

The streptavidin-containing hybrid molecule of the 
invention may be used in a method for imaging high- 

15 affinity receptors specific for the cytokine of interest, 
or, in a population of cells, a cell bearing such high- 
affinity receptors, by (a) exposing the high-affinity 
receptors to an amount of the hybrid molecule sufficient 
substantially to maximize the difference between (1) the 

20 amount of the hybrid molecule which binds to the high- 
affinity receptors and (2) the amount which binds to all 
lower-affinity receptors on the population of cells; (b) 
exposing the receptor-bound hybrid molecules to a 
labelled probe covalently linked to biotin; and (c) 

25 detecting the labelled probe which binds to the receptor- 
bound hybrid molecules. 

The invention takes advantage of the ability of 
each of the hematopoietin receptor superfamily cytokines, 
when linked at its N-terminus to a chemical entity, to be 

30 processed via its lower-affinity receptors to a lesser 

degree than is the cytokine itself, resulting in enhanced 
discrimination between high- and lower-affinity 
receptors. This enhanced discrimination between 
receptor types by the hybrid molecule of the invention 

35 permits selective labelling, isolation, removal, or 



- 8 - 

killing of c^^lls bearing the high-affinity receptor, to 
the virtual exclusion of cells lacking this receptor, and 
thus presents an important tool for the study, diagnosis, 
and therapeixtic treatment of various conditions in which 
5 myeloid or lymphoid cells are implicated as critical 
elements* F<^r example^ a hybrid molecule of the 
invention, having IL-2 as the cytokine portion would 
target the high-affinity receptors on activated T cells, 
and so would be useful for applications involving 
10 tremsplant rejection, autoimmune disease, and certain 
lymphatic cancers. 

Other f eatxires and advantages of the invention 
will be apparent from the following description of the 
preferred embodiments thereof and from the claims, 

15 Description of the Preferred Embodiments 

The drawings will first briefly be described. 
Drawings 

Fig. vl is a representation of the DNA coding 
sequence, eind the corresponding eimino acid sequence, for 
20 the IL-2 g^ne portion of plasmid pDW15, following Sph I 
digestion of the plasmid. 

Fig. 2 is a diagrcim illustrating the stepwise 
construction of plasmid PSI130 bearing the CRM197/IL-2 
recombinant gene. 
25 Fig. 3(a> is an illustration of a recombincuit DNA 

plasmid intermediate in the construction of a ricin A/IL- 
2 hybri^d genei. 

Fig. 3(b) is an illustration of a recombinant DNA 
vector beariitg the ricin A/IL-2 hybrid gene and suitable 
30 for express ^n in E.coli . 

Fig. H 4 (a) is an illustration of a recombinant DNA 
plasmid intermediate in the construction of a 
streptavidin/IL-2 hybrid gene. 
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Fig. 4(b) is an illustration of a recombinant DNA 
vector bearing the streptavidin/IL-2 hybrid gene and 
suitable for expression in E,coli > 
Discrimination Among IL-2 Receptors By 
5 IL-2 Hybrid And Native 

The invention is based upon the observation that 
attachment of a chemical entity to the N-terminal region 
of IL-2 interferes with processing of the IL-2 portion of 
the hybrid via intermediate-affinity (p75) receptors on 

10 T-cells^ possibly due to structural constraints imposed 
on the chemical entity portion of the hybrid by the p75 
receptor. Using an assay comparing (1) the molar 
concentration of a diphtheria toxin/ IL-2 hybrid molecule 
necessary to displace 50% of iodine-labelled-IL-2 from 

15 binding sites on three cell lines, each of which displays 
only one of the three types of IL-2 receptors, with (2) 
the molar concentration of IL-2 necessary to effect the 
same displacement, it was found that, on a cell line 
displaying only the p55 receptor molecule, 10-fold more 

20 IL-2 hybrid was required to displace the labelled IL-2, 
while for cells displaying only the p75 receptor, the 
hybrid molecule had to be present at a concentration 100- 
fold higher than the concentration of IL-2 necessary to 
effect 50% displacement of labelled IL-2. Cells 

25 displaying the high-affinity (p75+p55) receptor required 
approximately a 100-fold higher concentration of IL-2 
hybrid than of IL-2 to effect 50% displacement. Thus, 
(a) the affinity of hybrid-IL-2 for the p55 receptor is 
within an order of magnitude of the affinity of IL-2 for 

30 that receptor, (b) the affinity of hybrid-IL-2 for the 

p75 receptor is about 1% of the affinity of IL-2 for tliat 
receptor, and (c) the affinity of hybrid-IL-2 for the 
high-affinity (p75+p55) receptor is about 1% of the 
affinity of IL-2 for that receptor. 
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Wh±i|6 these binding data suggest a slight binding 
differential between IL-2 and IL-2 hybrid for cells 
bearing only high-affinity receptors and those bearing 
only the lower-affinity p75 receptors, the net result of 
5 attaching the chemical entity to the N-terminus of IL-2 
is a 3 00-lOQp-f old alteration in processing of the hybrid 
ligand, such that processing, in this instance measured 
as an IC^q ffir half-maximal inhibition of protein 
synthesis, is 300-1000-fold more efficient for the high- 

10 affinity-receptor-bearing cells than for lower-affinity- 
receptor-bearing cells. 

The experimental results given above indicate that 
the major alteration in the ligand/receptor interaction 
caused by attaching a chemical entity to the amino 

15 terminus of IL-2 takes place with respect to the p75 

receptor. /lihe fact that the p75 receptor shares a high 
sequence homology with certain subunits of the receptors 
for all of l^ie hemppoietin receptor superfamily cytokines 
suggeists that placing a chemical entity such as a 

20 polypeptide at the N-terminus of any of these cytokines 
will inhibit, probably by steric hindrance, the 
processing of (i.e., the binding to and internalization 
of) the hy^)rid molecule by the subunit of the cytokine's 
receptor whibh is homologous with the p75 subunit of the 

25 IL-2 receptdsr, permitting the hybrid molecules of the 
invention to discriminate between their high-affinity 
receptors aii^ their lower-affinity receptors to a 
signif^icantly ^greater degree than does either the native 
cytokine or a cytokine hybrid constructed without 

30 introdlicing ;such steric hindrance neacr the binding domain 
analogous to* the IL-2 p75 binding domain. This 
enhcincement of the level of discrimination can be 
exploited in a nxamber of ways, some of which are 
described below. 
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Example 1 > Construction and expression of CRH197/IL-2 
recombinant fused gene. 

The IL-2 gene used for these fusions (Fig. 1) was 
obtained from plasmid pDW15 (Fig. 2) (Williams et al., 
5 Nucleic Acids Res. 16:10453-10467, 1988) containing a 
synthetic foana of the IL-2 gene which, when cloned into 
E.coli JMlOl, expresses IL-2 protein at a rate about 16 
times that of the native cDNA sequence cloned into the 
same strain of E.coli . 

10 Standard DNA cloning techniques were employed. 

Plasmids were introduced into E.coli by CaCl^ 
transformation, isolated by the alkaline lysis procedure, 
and purified by CsCl density gradient centrifugation 
(Maniatis et al.. Molecular Cloning: a laboratory 

15 manual. Cold Spring Harbor Laboratory, Cold Spring 

Harbor, N.Y., 1982). The genetic fusion was made at the 
Sph I site of pDW15 so that the IL-2 domain of the fused 
gene would encode 133 amino acids of IL-2, plus one 
additional amino acid on its cimino terminus encoded by 

20 the Sph site (Fig. 1) . 

The construction methodology is illustrated in 
Fig. 2. Plasmid pABM6508, containing a gene coding for 
the N-terminal 485 amino acids of diphtheria toxin joined 
to a-melanocyte-stimulating hormone (Bishai et al., J. 

25 Bacterid. 169:5140-5151, 1987), was digested completely 
with Hindlll and partially with SphI; a 6kB SphI - 
Hindlll vector fragment was gel-purified and ligated to 
the 

0.5 kB SphI - Hind lll IL-2-gene-containing fragment from 
30 pDWl5, resulting in a plasmid designated pABI6508. A 5.7 
kB vector fragment resulting from Acc I and Xmn I digestion 
of PABI6508 was gel-purified and ligated to a 0.8kB 
AccI - Xmn I fragment of plasmid pB197 (Bishai et al.), 
yielding a plasmid that is referred to as pSI130. pB197 
35 carries the gene for CRM197, which is a full-length (535 
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cimino acids) Qly^^-^ Glu^.^ missense mutant form of 
diphtheria toxin that is devoid of ADP-ribosyl 
transferase activity and thus is nontoxic (Uchida et al., 
J. Biol. Chemi 248:3838-3844^ 1973). The missense 
5 mutation occurs within the 0.8kB Acc I - Xmn I fragment of 
pB197, and sor appears in pSI130 as well. 

Ea^ression of pSI130 in E.coli was induced as 
described by feishai (J. Bacterid. 1987); the CRM197/IL-2 
gene product was purified using affinity chromatography 
10 (Williams et |il. 1988) followed by HPLC size exclusion 

chromatography. (Methods in Enzymology 91: 137-190; 1983) 

.^*" ' . ■ ' " ' 

Exzuapie 2 • Biological assay for IL-2 receptor 
> discrimination. 

iFifty Xerograms of recombinant human IL (rIL-2) 

15 was enzymatically iodinated with enzymobeads (Bio-Rad 

Laboratories, Richmond, CA) in accordance with the 

125 

manufacturer's instructions. One millicurie Na I 
(DuPont--NElT, Boston, MA) was used in the reaction; this 
represented a limiting concentration of iodine; one atom 

20 of iodiite to weight molecules of rIL-2. The reaction was 
allowed. to proceed for five minutes at room temperature, 
and was quenched by the addition of NaN and Nal. Fetal 
calf serum (ECS; Hyclone Laboratories, Logan, UT) was 
added to a final concentration of 10% and the mixture 

25 chromatographed through one milliliter of Sephadex G-10 
which bad been equilibrated with RPMI 1640 medium 
supplemented with 25 mM HEPES, (pH 7.4) (GIBCO, Grand 
Island, :NY) , 2 mM ^g^ (GIBCO), 100 \inits/ml 

penicillin, 100 /ig/ml streptomycin (GIBCO), and 10% FCS 

30 (Hyclone). v 

The radiolcibeled IL-2 binding assay was performed 
essentiqilly £^ described by Smith and co-workers (Robb et 
al.; Teshigawara et al.). Cells were harvested and 
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washed three times with RPMI 1640 medium containing 10% 

FCS. TO determine total IL-2 binding, 5 x 10^ cells were 

exposed to a known concentration of ^^^I-rIL-2 (generally 

1 X lO""^ M) for 30 minutes at 37 *C in RPMI 1640 medium 

5 supplemented with 25 mM HEPES (pH 7.4), (GIBCO, Grand 

Island, NY), 2 mM glutamine (GIBCO), 100 units/ml 

penicillin and 100 ng/vil streptomycin (GIBCO) , and 10% 

FCS (Hyclone) (total volume 150 /il) . To determine the 

amotint of rIL-2 or PT/IL-2 required to displace ^^^I- 

10 rIL-2 from its receptor, increasing concentrations of 

unlabeled rIL-2 or PT/IL~2 (0.5- to 2000-fold molar 

excess) were added to each tube in the presence of 1 x 
— 9 125 

10 M I-rIL-2 and the percentage of total binding at 
each concentration of cold competitor determined. The 

15 binding reaction was terminated by microcentrifuging 

(Beckman Instiruments , Iirvine, CA) the cells through an 

011 mixture of 80% 550 phenyl fluid (Dexter Hysol, Olean, 
NY) and 20% paraffin oil (Sigma, St. Louis, MO) (final 
density 1.03 gm/ml) in 400 microliter microcentrifuge 

20 tubes (Beckman Instrximents) . The cell pellet was cut 

from the microcentrifuge tube leaving the oil and medium 
containing free ligand in the tube. Cell pellets 
representing bound radioactivity and the oil/medi\im 
supernatants representing free ligand were counted in a 

25 Beckman gamma counter, and the percentage of the total 
radioactivity that pelleted with the cells was 
calculated. All assays were performed in triplicate. 
Example 3> Construction and expression of Ricin A/IL-2 
recombinant fused gene, and use of the 

30 resultant hybrid protein. 

Standard procedures for DNA cloning, cell 
transformation and plasmid isolation (as described, for 
example, by Maniatis et al.), could be employed to carry 
out the following construction: 
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Ricin cDlIA is prepared as described by Hailing et 
al. (Nucleic Acids Res. 13:8019^8033, 1985) or Lamb et 
al* (Eur. J. Biochem. 148:265-270, 1985). Following 
digestion with BainH I and gaelll, an 856-bp BainH I Haelll 
5 fragment of ricin cDNA (encoding the 5" end of the ricin 
gene, the si^al sec[uence and ricin amino acids 1 through 
272) is isolated by agarose gel electrophoresis. 

An unJ)hosphorylated synthetic DNA oligomer, 
comprising . 

10 5 • AAGCGTCGGCATG 3 ■ 

3» TTCGCAGCC 5" 
and coding for a protease-sensitive region (Lys Arg) and 
©ne-hali of a SphI site (CATG) , is synthesized by 
standard B-cyano6thyl phosphoramidite chemistry on a 

15 Millig^ 7500 DAN synthesizer according to manuf actxirer ' s 
instructions i The synthetic oligonucleotides are 
purified by gel electrophoresis, complementary strands 
are aiuleaied and ligated to the Haelll blunt end of the 
ricin gene fragment. The sequence of this oligomer was 

20 selected (1) to allow fusion of the ricin gene fragment 
to cin IL-2 gene having the matching half of a Sph I site, 
and (2) to allow release of enzymatically-active ricin A 
peptide from the ricin A/IL-2 polypeptide by proteolytic 
cleavage at the added protease-sensitive region upon 

25 internalization of the toxin molecule by a cell. 

In order to insert a second half -SphI site at the 
appropriate spot lipstreeim of the ricin coding sequence, 
the above coiistruct is next digested with FnuDII (or 
Thalli and the -740 bp SnS^II - (Haelll/SphI) fragment 

30 that results iis isolated and 
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linked (at the FnuDII blunt end) to the following 
unphosphorylated synthetic oligonucleotide: 

5» CC ATC GCT ATA TTC CCC AAA CAA TAG CCA ATT 

ATA- 

5 3» GTACGG TAG GGA TAT AAG GGG TTT GTT ATG GGT TAA 

TAT- 

encoding: fMet Ala He Phe Pro Lys Gin Tyr Pro He 

He- 

(COnt.) : -AAG TTT ACC AGA GGG GGT GGG AGT GTG GAA AGG TAG AGA 
10 AAG- 

-TTG AAA TGG TGT GGG GGA GGG TGA GAG GTT TGG ATG TGT 

TTG- 

-Asn Phe Thr Thr Ala Gly Ala Thr Val Gin Ser Tyr Thr 

Asn- 

15 (cont.)5 -TTT ATC AGA GGT GTT CG 3* 
-AAA TAG TGT GGA CAA GG 5 • 

-Phe He Arg Ala Val Arg 
This DNA sequence , which has a half of an Sph I site at 
each end, can then be ligated into Soh l partially- 

20 digested (linearized) plasmid pDW15 as described in 
Example 1. This plasmid is then digested with Nco l 
and Hindlll, yielding a 1.3 kb DNA fragment coding for 
all of the following: mature ricin A, part of the 
ricin A linker, the synthetic protease-sensitive site, 

25 and IL-2. 

This 1.3 kb Nco l - Hind lll fragment is 
isolated and cloned onto Nco l - Hindlll digested 
PKK233-2 vector (Fig. 3(b)) (Pharmacia; Piscataway, 
NJ; Armann et al.. Gene 40:183-190, 1985) for 
30 expression in E.coli . Expression of the ricin A/IL-2 
protein is induced by isopropyl-B-D-thiogalactoside 
(IPTG) . The protein may be purified by immunoaf f inity 
chromatography followed by HPLG size exclusion 
chromatography . 
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Ssaapls 4 » COAiSuruCvlo& oua expression or 

st^eptayidin/IL-2 recombinant fused gene, 
9Ad use of tbe resultant bybrid protein in 
imaging bigb-affinity receptors. 

5 Standard procedxires for DNA cloning, cell 

transformation, Eind plasmid isolation would be 
employed, to ceorir^ out the following construction: 

The streptavidin gene is isolated from 
Streptom\rces avidinii as described by Argarana et al . , 

10 Nucleic Acids Res. 14:1871-1882, i986. Following Nae l 
digestion of the gene, a -'433 bp fragment is isolated 
and fiirther digested with Tagl. A -414 bp Nae l - TagI 
fragment is thereupon isolated and its 5" Nae l blunt 
end is ligated with the following synthetic DNA 

15 oligomer (synthesized on a Milligen 7500 DNA 

synthesizer according to manufacturer instructions) : 
5' CC ATG GAC CCC TCC AAG GAG TCG AAG GCC GAG 

GTC- 

3» GTACGG TAC-CTG GGG AGG TTC CTG AGO TTC CGG GTC 
20 CAG- 

encoding: f|fet,Asp Pro Ser Lys Asp Ser Lys Ala Gin 
Val- 

(cont.)5 -TCG GCC GCC GAG GCC 3* 
-AGC CGG-CGG CTC CGG 5 » 

25 -Ser Ala Ala Glu Ala 



The following synthetic oligomer is ligated onto the 
(3n Tag I end of the fragment: 

5» C GAC GCG GCG AAG AAG GCC GGC GTC AAC AAC 

GGC- 

5 3' TG CGC CGC TTC TTC CGG CCG CAG TTG TTG 

CCG- 

encoding; Asp Ala Ala Lys Lys Ala Gly Val Asn Asn 
Gly- 

(contO^ -AAC CCG CTC GAC GCC GTT CAG CAG CAT G 
10 3 » 

-TTG GGC GAG CTG CGG CAA GTC GTC 

5» 

"Asn Pro Leu Asp Ala Val Gin Gin His 

The synthetic sequences so added replace all of the 

15 streptavidin coding sequences removed in the course of 
the Nae l and TagI digestions, and add one half of a 
Sghl site at each end of the fragment. This fragment 
can then be ligated into Sph I partially-digested 
linearized pDW15 (see Example 1) and transformed into 

20 E.coli, The appropriate product of the ligation, 
which can be identified by plasmid restriction site 
mapping of DNA obtained from single colonies resulting 
from the transformation, is illustrated in Fig. 4(a). 
Following Ncol - Hindlll digestion of this plasmid, a 

25 1.0 kb Nco l -Hindlll fragment containing the entire 
coding region for the streptavidin/ IL-2 fusion protein 
is isolated and cloned onto Nco l - Hindlll-digested 
PKK233-2 vector for expression in E.coli . The final 
form of this streptavidin/ IL-2 -encoding vector is 

30 illustrated in Fig. 4(b). E.coli calls are 

transformed and the streptavidin/ IL-2 polypeptide is 
isolated and purified by immunoaf f inity 
chromatography followed by HPLC size exclusion 
chromatography, and used, for example, to assay for 
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the presence of high-affinity IL-2 receptors on 
lymphoma cells. 

Frozen or paraffin sections of a hximan 
lymphoma biopsy are prepared on microscope slides by 
5 stcindard techniques. Prior to staining, frozen 
sections are first fixed with acetone or another 
suitable fixative, then washed with a buffer such as 
•Im Tris, pH 7.2. Unlabeled biotin and/or free 
fluorochrome is then added to saturate all available 

10 nonspecific binding sites. After removal of imbound 
biotin by rinsing in buffer, the slides are treated 
with streptavidin/IL-2 hybrid protein and then rinsed 
in buffer to remove unbound streptavidin/IL-2. The 
slides £a?e th^ treated with a solution containing a 

15 fluorochfome-biotin conjugate. The slides are again 
rinsed in buffer to remove unbound labeled biotin, and 
obseirved under a fluorescence microscope illuminated 
at an appropriate wavelength of light. The presence 
of a high proportion of f luorochrome-labeled cells in 

20 a biopsy of a lymphoma would be an indicator of that 
tximor's potential susceptibility to chemo therapeutic 
treatment with diphtheria toxin/ IL-2 hybrid or another 
IL-2 N-terminub-linked toxic hybrid. 

other Embodiments 

25 Other embodiments are within the following 

claims. iFor example, the cytokine portion of the 
hybrid molecule could be contributed by any of the 
hematopoietiri receptor superfamily cytokines, or 
fragments or analogs thereof (prepared by standard 

30 techniques) . The chemical entity could be ferritin, 
for use in separating cells bearing high affinity 
cytokine receptors from those which do not; an inert 
moiety, the fxinction of which is simply to enhance the 
cytokine's discrimination between receptor types; or 
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an antigen^ the function of which is to induce a host- 
mediated immunological attack on the host's own high- 
affinity-receptor-bearing cells. Alternatively, the 
chemical entity could be an enzyme, a carbohydrate, a 
5 lipid, a synthetic polymer, a viral particle, or an 
inorganic molecule. The linkage between the cytokine 
and the chemical entity can be a peptide bond or any 
other type of covalent bond. By using a chemical 
entity each molecule of which is capable of being 

10 linked to the N-termini of multiple cytokine 

molecules, a multivalent hybrid would be created which 
could bind simultaneously to two or more high- 
affinity-receptor-bearing cells, causing the cells to 
agglutinate cind thus be cleared from a mixed 

15 lymphocyte suspension. This procedure would be useful 
as an assay or as a therapeutic technique. 

The hybrid protein could be synthesized by 
utilizing recombinant DNA techniques, beginning with 
either a synthetic DNA sequence or a cloned natural 

20 gene, or could be assembled by chemically conjugating 
a chemical entity with the cytokine. After synthesis, 
the hybrid may be modified enzymatically or chemically 
(as by the addition of fluorescent or radioactive 
label) . The polypeptide portion of any hybrid could 

25 be synthesized in a system incorporating one or more 
radioactive amino acids, so that the resulting hybrid 
protein is intrinsically labelled. 

Any fragment or analog of the cytokine of 
interest which is capable of binding to the high- 

30 affinity receptor of that cytokine could substitute 
for the intact cytokine. An IL-2-containing hybrid 
could be used as a drug delivery device to deliver a 
lethal dosage of, for example, a radioactive isotope 
or a toxin such as ricin or gelanin specifically to 

35 high-affinity-receptor-bearing T-cells, which are 
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impiioated in certain cancers of the lymphatic system, 
and which play a crucial role in cases of transplant 
rejection. Alternatively, the hybrid could be used to 
image high-^aff inity receptors, either in vivo or in 
5 vitro, by selecting an appropriate chemical entity to 
attach to the icytokine portion of the hybrid. 
Examples would; include the treatment of a frozen 
section of lyi^homa tissue with an IL-2 hybrid 
containing a radioactive isotope such as Iodine, 

10 coupled with autoradiographic analysis of the labeled 
tissue, Euid aAoainistration of an IL-2 hybrid 
containing an X-ray-opaque entity to a transplant 
patient, , coupled with a CAT-scan of the transplanted 
organ to monit^pr transplant rejection. Attaching a 

15 hybrid of the invention to an appropriate solid 
support material would create an efficient and 
reusable meems of separating high-affinity-receptor- 
bearing T-cells from cells lacking such receptors, 
permitting thei collection of either fraction of cells 

20 for tiierapeutic or other use. 

What, is claimed is: 
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Claims . 

1 !• A hybrid juolecule comprising a hematopoietin 

2 receptor superfamily cytokine, or a fragment or analog of 

3 said cytokine capable of binding to said cytokine's high 

4 affinity receptor, covalently bonded, at its amino terminal 

5 end, to a chemical entity which causes said hybrid molecule 

6 to be processed via a lower affinity receptor of said 

7 cytokine to a lesser degree than is said cytokine, provided 

8 that said chemical entity does not comprise the translocation 

9 domain of diphtheria toxin. 

1 2. The hybrid molecule of claim 1, wherein said 

2 cytokine is selected from the group consisting of IL-2, IL- 

3 3, IL-4, IL-6, EPO, and prolactin. 

1 3. The hybrid molecule of claim 1, wherein said 

2 chemical entity sterically hinders the binding of the 

3 cytokine portion of said hybrid molecule to said lower- 

4 affinity receptor, compared to the binding of said cytokine 

5 to said lower-affinity receptor - 

1 4. The hybrid molecule of claim 1, wherein said 

2 chemical entity comprises a polypeptide. 

1 5. The hybrid molecule of claim 4, wherein said 

2 covalent bond is a peptide bond. 
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1 6- Th^ hybrid incleculs of claiia 4^ wherein said 

2 polypeptide comprises an antibody molecule • 

1 ?• The hybrid molecule of claim 4, wherein said 

2 polypeptide comprises ricin or a fragment or analog thereof. 

1 8 . The hybrid molecule of claim 7 , wherein 

2 said polypeptide comprises an enzymatically-active 

3 fragment or analog of ricin. 

1 9. The hybrid molecule of claim 4, wherein 

2 said polypeptide comprises streptavidin or a fragment 

3 or ^analog thereof . 

1 10. The hybrid molecule of claim 4, wherein 

2 said polypeptide comprises ferritin. 

1 11. The hybrid molecule of claim 1, wherein 

2 said chemical entity comprises an X-ray-opaque moiety. 

1 12. The hybrid molecule of claim 1, wherein 

2 said chemical entity comprises a fluorescent moiety. 

1 13. The hybrid molecule of claim 1, wherein 

2 said che&ical entity comprises a radioactive moiety. 

1 14.' The hybrid molecule of claim 1^ wherein 

2 said hybrid iaolecule is capable of affecting the rate 

3 of proliferation of cells bearing said high-affinity 

4 receptors. 

1 15. A method for selectively binding a 

2 moiety to a cell bearing a high-affinity receptor for 
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3 a cytokine^ said method comprising exposing said cell 

4 to the hybrid molecule of claim 1, provided that said 

5 chemical entity comprises said moiety. 

1 16. The method of claim 15, wherein said 

2 moiety comprises a label and said method is used for 

3 imaging said cell or said high affinity receptor. 

1 17. The method of claim 15, wherein said 

2 moiety comprises a molecule complexed with iron and 

3 said method is used for separating cells having a 

4 relatively high number of said high-affinity receptors 

5 from other cells having a lower number of said high- 

6 affinity receptors. 

1 18. The method of claim 15, wherein said 

2 hybrid molecule is capable of decreasing the rate of 

3 proliferation of cells to which it binds, and said 

4 method is used for therapeutic treatment of a 

5 condition comprising overproduction of cells having 

6 said high-affinity receptors. 

1 19. A method for using the hybrid molecule 

2 of claim 1 for selectively isolating cells having said 

3 high-affinity receptors out of a population of cells 

4 some of which lack said high-affinity receptors, said 

5 method comprising, 

6 immobilizing said hybrid molecule, 

7 causing said population of cells to contact 

8 said immobilized hybrid molecule under conditions 

9 permitting binding of said high-affinity receptors to 

10 said immobilized hybrid molecule, and 

11 separating unboxmd cells of said population 

12 of cells from cells bound via said high-affinity 

13 receptors to said immobilized hybrid molecule. 
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1 20. The method of claim 19, wherein said 

2 method is used to remove, from bodily fluids or 

3 tissues, cells having said high-affinity receptors. 

1 *21. The method of claim 19, said method 

2 additionally comprising the step of eluting from said 

3 immobilized hybrid molecule any cell which was bound 

4 to said immobilized hybrid molecule. 

1 22. A method of making the hybrid molecule 

2 of claim 4, said method comprising 

3 providing a recombinant DNA molecule 

4 comprising a DNA sequence encoding said polypeptide 

5 fused to a DNA sequence encoding said cytokine or said 

6 fragment or analog thereof, 

7 introducing said recombinant DNA molecule 

8 into an appropriate expression system, and 

9 expressing said recombinant DNA molecule. 

1 23. A method of using the streptavidin- 

2 containing hybrid molecule of claim 9 for imaging said 

3 high-affinity receptors, or for imaging, in a 

4 population of ^ells, a cell bearing said high-affinity 

5 receptors^ saM method comprising 

6 exposing said high-affinity receptors to an 

7 amount of said hybrid molecule sufficient 

8 substemtially to meiximize the difference between (1) 

9 the amoxmt of said hybrid molecule which binds to said 

10 high-affinity receptors, and (2) the amount which 

11 binds to all other receptors on said population of 

12 cells; 

13 exposing receptor -bound hybrid molecules to a 

14 labelled probe, said labelled probe being covalently 

15 linked to biotin; and 
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16 detecting said labelled probe which binds to 

17 said receptor-bound hybrid molecules. 

1 24. The hybrid molecule of claim 4^ wherein 

2 said polypeptide comprises an enzymatically-active 

3 fragment or analog of gelanin. 



HisAlaF^'o^hr 
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